Introduction. Multimodality therapy with chemotherapy and operative resection is recommended for patients with locoregional pancreatic cancer but is not received by many patients. Objective. To evaluate patterns in the use and timing of chemotherapy and resection and factors associated with receipt of multimodality therapy in older patients with locoregional pancreatic cancer. Methods. We used Surveillance, Epidemiology, and End Results-linked Medicare data (1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007) to identify patients with locoregional pancreatic adenocarcinoma. Multimodality therapy was defined as receipt of both chemotherapy and pancreatic resection. Logistic regression was used to determine factors independently associated with receipt of multimodality therapy. Log-rank tests were used to identify differences in survival for patients stratified by type and timing of treatment. Results. We identified 10,505 patients with pancreatic adenocarcinoma. 5,358 patients (51.0%) received either chemotherapy or surgery, with 1,166 patients (11.1%) receiving both modalities. Resection alone was performed in 1,138 patients (10.8%), and chemotherapy alone was given to 3,054 (29.1%) patients. In patients undergoing resection as the initial treatment modality, 49.4% never received chemotherapy; 97.4% of patients who underwent chemotherapy as the initial treatment modality never underwent resection. The use of multimodality therapy increased from 7.4% of patients in 1992-1995 to 13.8% of patients in 2004-2007 (P < .0001). The 2-year survival was 41.0% for patients receiving multimodality therapy, 25.1% with resection alone, and 12.5% with chemotherapy alone (P < .0001). Of the patients receiving multimodality therapy, chemotherapy was delivered in the adjuvant setting in 93.1% and in the neoadjuvant setting in 6.9%, with similar 2-year survival with either approach (neoadjuvant vs adjuvant, 46.9% vs 40.6%; P = .16). Year of diagnosis, white race, less comorbidity, and no vascular invasion were independently associated with receipt of multimodality therapy. Conclusion. Only half of older patients with locoregional pancreatic cancer receive any treatment, and fewer than one quarter of treated patients receive multimodality therapy. Nearly all patients receiving chemotherapy as the initial treatment modality did not undergo resection, whereas half of those undergoing resection first received chemotherapy. When multimodality therapy is used, the vast majority of patients had chemotherapy in the adjuvant setting with a similar survival, regardless of approach. (Surgery 2014;156:280-9.) 
Cancer Network guidelines recommend systemic chemotherapy in conjunction with curative-intent surgery as the standard of care for resectable pancreatic adenocarcinoma. 12 Despite these recommendations, prior population-based studies have illustrated that multimodality therapy is administered rarely. 13, 14 Although previous studies have evaluated the receipt of resection in patients with locoregional pancreatic cancer, 15 the receipt of multimodality therapy in resected patients, 14 and trends in multimodality therapy use, 13 few studies have assessed population-based trends in the receipt and relative timing of chemotherapy and/or resection of the primary neoplasm. In addition, controversy exists regarding the optimal timing of chemotherapy (adjuvant versus neoadjuvant). 16 Most studies assessing the impact of neoadjuvant versus adjuvant therapy approaches on survival in patients with resectable pancreatic cancer have focused on only those patients who have undergone resection. As such, the number of patients who receive chemotherapy but never undergo resection owing to disease progression or declining performance status are often not reported and are not considered when comparing survival with the 2 approaches.
We used the Surveillance, Epidemiology and End Results (SEER)-linked Medicare database (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) ) to evaluate population-based patterns in the receipt of chemotherapy and/or operative resection. We identified the initial treatment modality used (chemotherapy or resection), and the proportion of treated patients who received the second modality. Among patients who received multimodality therapy (chemotherapy and resection), we evaluated the approach (neoadjuvant versus adjuvant therapy) and the association between neoadjuvant versus adjuvant therapy and long-term survival. Finally, we identified the factors independently associated with receipt of multimodality therapy for these patients.
METHODS
The institutional review board at the University of Texas Medical Branch determined this study to be exempt from review.
Data source. The SEER database is a prospectively collected database of incident cancer cases for patients in select regions designed to be representative of the U.S. population, accounting for approximately 28% of the population. Ninetythree percent of patients in the SEER database can be linked with patients who have Medicare claims files. 17 Medicare claims data used included the Denominator File, the Medicare Provider Analysis and Review file, the Carrier claims file, and the Outpatient Standard Analytic File. 18 Cohort selection. We included patients diagnosed with pancreatic adenocarcinoma from 1992 to 2007. SEER data were used to identify the primary tumor site codes for pancreas and International Classification of Diseases for Oncology, 3rd Edition, histology codes consistent with adenocarcinoma (Fig 1) . Only patients with pancreatic adenocarcinoma as their first primary diagnosis and those aged $66 years were included. Patients whose diagnosis was only confirmed at autopsy or death were excluded. Only patients with locoregional disease were included. Finally, patients without Medicare Parts A and B for 6 months before and after diagnosis, or until death, were excluded. All patients were followed for 2 years after diagnosis or until death.
Covariates. Patient baseline demographic and clinical characteristics included age, sex, marital status, race/ethnicity, education, income, area of residence (rural versus urban), SEER region, presence of vascular invasion, radiation, and year of diagnosis. Charlson comorbidity index 19 was used as a measure for patient comorbidity. Percent of residents with at least a 12th grade education and quartile of income were determined at the zip code level and categorized into quartiles. For education and income quartiles, quartile 1 is coded as the least educated/lowest income and quartile 4, the most educated/greatest income. SEER Extent of Disease Coding (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) Outcome variable: Multimodality therapy. Multimodality therapy was defined as receipt of both operative resection and any instance of chemotherapy before operative resection or within 6 months after surgery. Patients were considered not to have undergone multimodality therapy if they had resection only, received chemotherapy only, received chemotherapy >6 months after operative resection, or had no treatment. Codes used to identify chemotherapy, operative resection, and radiation are shown in Table I . Chemotherapy and radiation were identified from the Medicare claims (Medicare Provider Analysis and Review, Carrier, Outpatient Standard Analytical File) using Healthcare Common Procedure Coding System codes, International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) procedure and diagnosis codes, J codes, and revenue center codes for administration of chemotherapy as defined by SEER-Medicare. 20 ICD-9-CM and Current Procedural Terminology codes used to identify pancreatic head resection are also listed in Table I . In patients receiving multimodality therapy, those receiving any chemotherapy (with or without radiation) before resection were considered to have undergone neoadjuvant therapy; if chemotherapy was within 6 months after resection, it was classified as adjuvant.
Statistical analysis. Summary statistics were calculated for the overall cohort. Demographic and tumor characteristics of patients who received multimodality therapy were compared with patients who did not receive multimodality therapy. We used v 2 tests to test significance for categorical variables and t-tests for continuous variables.
Three logistic regression models were performed to determine factors independently associated with receipt of multimodality therapy. The first model included the overall cohort and included age, race, sex, marital status, education, income, Charlson comorbidity index, year of diagnosis, SEER region, area of residence (rural versus urban), vascular invasion, radiation, and biliary stent placement. The second model included only those patients without vascular invasion and included the same variables except for vascular invasion. Finally, a third logistic regression model was performed, including all variables only for those patients who received treatment with operation and/or chemotherapy.
Survival analysis. Unadjusted Kaplan-Meier estimates of overall survival were obtained for patients who (1) underwent operative resection and adjuvant chemotherapy, (2) underwent surgery alone, (3) underwent chemotherapy alone, and (4) received no treatment. For patients who received both modalities, Kaplan-Meier time-to-event analyses were performed for patients who underwent surgery and received neoadjuvant versus adjuvant chemotherapy. Log-rank tests were used to determine significant differences in survival between groups. A Cox proportional hazards model for survival at 2 years was developed only for those patients receiving multimodality therapy and included the variables age, sex, race, income, education, Charlson comorbidity, SEER region, radiation, endostent, vascular invasion, and timing of therapy (neoadjuvant versus adjuvant). Patients were censored when they were lost to follow-up or completed follow-up at 2 years.
RESULTS
We identified 10,505 patients who met our inclusion criteria. Table II illustrates baseline characteristics for these patients. The mean age was 77.1 ± 7.1 years, and the majority of patients were Only patients with histologically confirmed, locoregional pancreatic adenocarcinoma (AdenoCA) as their first primary cancer diagnosis were included. Patients without Medicare Parts A and B for 6 months before and after diagnosis, or until death, were excluded. All patients were followed for 2 years (n = 10,505).
female (58%), white (82%), married, and from a large metropolitan area. Only 5,358 (51.0%) received operative resection and/or chemotherapy at any time in their treatment course. Of these patients, 1,166 (11.1% of the overall cohort) received both chemotherapy and operative resection, 1,138 (10.8%) received operative resection alone, and 3,054 (29.0%) received chemotherapy alone. In the 1,166 patients receiving multimodality therapy, chemotherapy was delivered in the adjuvant setting in 93.1% and in the neoadjuvant setting in 6.9% (Fig 2, A) . Of the patients classified as having received adjuvant chemotherapy, 78.4% received chemotherapy within 3 months after the date of operative resection (median, 62 days; interquartile range, 48-88).
In the 5,358 treated patients, chemotherapy was the initial treatment modality in 3,135 patients (58.5%), and operative resection was the initial treatment modality in 2,223 (41.5%). In patients undergoing operative resection as the initial treatment modality, 51.2% never received chemotherapy. Among patients undergoing chemotherapy as the initial treatment modality 97.4% never underwent operative resection (Fig 2, A) . Among patients receiving chemotherapy as the initial treatment modality, 67.9% received radiation, compared with only 49.5% of those undergoing operative resection first. Among patients receiving multimodality therapy, 82.7% of patients who underwent neoadjuvant therapy underwent neoadjuvant radiation and 79.7% of patients who had adjuvant chemotherapy also received adjuvant radiation.
Based on SEER extent of disease codes, 8,253 patients (78.6%) had no vascular invasion and were eligible potentially for neoadjuvant therapy plus resection or resection plus adjuvant therapy. Their trajectory is shown in Fig 2, B. Vascular invasion was more common in patients undergoing chemotherapy as the initial treatment modality compared with patients receiving resection initially (28.4% vs 5.3%; P < .0001). Finally, 4,058 patients (49.2%) received no treatment. Of the 4,195 who were treated, 2,117 received chemotherapy as the initial treatment modality, and 2,078 underwent resection as the initial treatment modality. Overall, 1,078 (13.1%) received multimodality therapy, 2,057 (24.9%) received chemotherapy alone, and 1,060 (12.8%) underwent resection alone.
Trends in the use of multimodality therapy are illustrated in Fig 3. Use of multimodality therapy increased over time from 7.4% in 1992-1995 to 13 .8% in 2004-2007 (P < .0001). There was also an increase in the use of neoadjuvant therapy over time, from 2.5% of patients in 1992-1995 to 9.4% of patients in 2004-2007 (P = .0095). Among patients without vascular invasion (n = 8,253), use of multimodality therapy increased from 7.7% in 1992-1995 to 17.4% of patients in 2004-2007 (P < .0001); for these patients, neoadjuvant therapy use increased from 1.0% to 8.4% over the same time period (P = .001).
Patient demographics, and tumor and treatment characteristics differed significantly between the multimodality therapy and no multimodality therapy groups (Table II) . Patients who received multimodality therapy were younger, and more likely to be female, white, married, have less comorbidity, live in higher socioeconomic areas, have received radiation therapy, and have no evidence for vascular invasion. The use of multimodality therapy was variable by SEER region. In a logistic regression analysis, year of diagnosis was independently associated with receipt of multimodality therapy (odds ratio, 1.09; 95% CI, 1.06-1.11; Table III) reflecting evolving recommendations over this time period. Other factors independently associated with receipt of multimodality therapy included younger age, white race, higher education quartile, lesser Charlson comorbidity score, absence of vascular invasion, treatment with radiation, and biliary stent placement (Table III) . The strongest effects were observed for no vascular invasion (odds ratio, 5.78; 95% CI, 4.5-7.4) and radiation treatment (odds ratio, 6.82; 95% CI, 5.8-8.0).
In the subset of patients without vascular invasion (n = 8,253), younger age, white race, lesser Charlson comorbidity score, treatment with radiation, and biliary stent placement continued to be A, Management of older patients >65 years of age with locoregional pancreatic cancer. Nearly half of all patients received no treatment; 11.1% of the overall cohort received multimodality therapy. More than 97% of patients receiving chemotherapy as the initial treatment modality did not receive operative resection, whereas 51% of patients who received operative resection as the initial treatment modality did not receive chemotherapy. The proportion of patients receiving radiation therapy for each group is also listed. B, Management of older patients with locoregional pancreatic cancer and no vascular invasion. Of these patients with potentially treatable pancreatic cancer (n = 8,253), only 51% received any treatment, and only 13.1% received multimodality therapy. More than 97% of patients receiving chemotherapy as the initial treatment modality did not receive operative resection, whereas 51% of patients who received operative resection as the initial treatment modality did not receive chemotherapy. The proportion of patients receiving radiation therapy for each group is also listed.
associated with receipt of multimodality therapy. Similar findings were observed for treated patients (Table III) . Survival analysis. Survival for the overall cohort was 13.8% at 2 years (median, 7.2). Fig 4, A shows 2-year survival in patients who received multimodality therapy (41.0%), resection only (25.1%), chemotherapy only (12.5%), or no therapy (5.1%; P < .0001). For patients who received multimodality therapy, there was no difference in survival when chemotherapy was administered in the neoadjuvant versus adjuvant setting (Fig 4, B; 46.9% vs 40.6%; P = .16). In a Cox proportional hazards model controlling for age, sex, race, income, education, Charlson comorbidity, SEER region, radiation, endostent, and vascular invasion, neoadjuvant therapy was not independently associated with improved survival relative to adjuvant therapy in patients receiving multimodality therapy (hazard ratio, 0.76; 95% CI, 0.55-1.06). The absence of vascular invasion was most strongly associated with improved survival for these patients (hazard ratio, 0.54; 95% CI, 0.40-0.72).
DISCUSSION
We observed that only 11% of older patients with locoregional pancreatic cancer in SEER regions received multimodality therapy. In addition, over half of these older patients (usually >65 years old) with potentially treatable pancreatic cancer did not receive any treatment at all. When treatment was instituted, over half of patients received chemotherapy as the initial treatment modality, but very few of these patients ultimately underwent operative resection. Finally, we observed that when patients received multimodality therapy, there were no differences in survival between patients who received chemotherapy in the neoadjuvant versus adjuvant setting.
Our study illustrates general trends in the management of an older population with locoregional pancreatic cancer. Although previous studies have focused on the timing of chemotherapy in only those patients undergoing resection, 14, 21, 22 we identified trends in the treatment in all patients with potentially treatable pancreatic cancer. Although the majority of patients who received treatment were treated with chemotherapy as the initial treatment modality, only 2% of these patients ultimately underwent resection. There may be several reasons for this observation. Patients may have developed progressive metastatic disease during neoadjuvant therapy and would not have benefited from resection. Proponents of neoadjuvant therapy would argue that these patients would have been spared the morbidity of a noncurative, invasive operation. 16, 23 Some patients may, however, have experienced local disease progression without distant metastatic disease and missed their window for curative resection. 24 It is also possible that patients may have developed toxicity related to neoadjuvant therapy with an associated decline in performance status and were no longer operative candidates. Finally, it is possible that patients were treated with chemotherapy with palliative intent for locally unresectable disease and were never considered for resection; however, even in the group without vascular invasion, nearly all patients receiving chemotherapy first did not undergo resection.
Prior studies have suggested that neoadjuvant therapy may be associated with improved survival. 21, 25 In our population-based cohort, however, we observed no difference between neoadjuvant and adjuvant approaches in patients who received multimodality therapy. Furthermore, like the other studies, our survival comparison does not account for the patients who received chemotherapy with the intent to eventually undergo resection, but whose disease progressed in the interim. As a result, we have likely overestimated the survival benefit with a neoadjuvant approach. All of these survival comparisons, including our own, are limited by their retrospective nature but represent the best available evidence until large-scale, prospective data are accumulated. Two previous, recent, single-center reviews compared retrospectively patterns in care for patients with pancreatic ; this increase was more pronounced for patients without vascular invasion (7.7% to 17.4%; P < .0001). Neoadjuvant therapy use in patients receiving MMT also increased over this same time period (2.5% vs 9.4%; P = .0095).
adenocarcinoma who underwent a neoadjuvantintent approach versus a surgery-first approach. Of the 167 patients in their study, Tzeng et al 26 identified improved receipt of multimodality therapy in those patients receiving a neoadjuvantintent approach compared with patients undergoing surgery first (95/155 [83%] vs 29/50 [50%], respectively; P < .001), and no difference in survival between the 2 approaches. 26 Another study by Papalezova et al 27 similarly identified no difference in median overall survival between the 2 approaches (15 vs 13 months; P = NS). Although these studies provide insight into specific reasons for failure of therapy and survival outcomes, their single institution nature limits their generalizability. These studies are biased by institutional practices that may favor aggressive neoadjuvant approaches first in patients who are surgical candidates and do not represent population-based practices; as a result, the external validity of these studies is limited.
Our study expands on previous findings 13, 15 that treatment for pancreatic cancer is underutilized. In this specific population of patients >65 years old, this disparity in pancreatic cancer care is even more pronounced. As has been suggested previously, 15 this disparity may be owing to nihilistic attitudes regarding pancreatic cancer care, particularly for older patients who may have limited life expectancy. Finally, our data support previous observations 13 that, although patient and tumor characteristics largely determine the receipt of multimodality therapy, administration of therapy can be improved. In an analysis of 301,033 patients with pancreatic adenocarcinoma from the National Cancer Data Base, Bilimoria et al 13 determined that patients at high-volume centers, patients at NCCN/National Cancer Institute hospitals, and patients in metropolitan areas were more likely to receive multimodality therapy. We observed that patients who received multimodality therapy were selected to do so based on favorable patient characteristics (younger age, less comorbidity) or favorable tumor biology (no vascular invasion). Multimodality therapy did, however, increase over time and was also associated with higher education/income quartile, biliary stenting, and radiation use, factors that should not typically in theory drive multimodality therapy use. In addition, the use of multimodality therapy varied widely by SEER region, from 6% to almost 17% of patients for each region. This variation may reflect treatment practices of physicians in these states, patient preferences regarding aggressiveness of care, or variable access to resources, but we cannot identify the precise reasons behind these observations with these data. Our study has limitations. Confounding by treatment indication is a very real possibility when using administrative data. We attempted to control for locally advanced/unresectable disease using Extent of Disease Coding, but resectability may not have been captured accurately with our methodology, because 74% of patients without vascular invasion did not undergo resection. In addition, we do not know the intent of therapy, so it would have been inappropriate to compare survival on an ''intent-totreat'' basis in those patients who received chemotherapy as an initial treatment modality to those who received operative resection as an initial treatment. We limited this bias by only comparing survival between neoadjuvant and adjuvant therapy in those patients who received ultimately both resection and chemotherapy. We also do not know whether patients who received chemotherapy in the 6 months after resection did so with adjuvant intent or for treatment of recurrent or advancing disease. As a result, we may have overestimated the use of multimodality therapy; however, nearly 80% of patients received chemotherapy within 3 months after resection, making treatment for recurrent or advanced disease less likely. Previous populationbased studies have also used similar methodology to identify adjuvant treatment.
14 Finally, the sample size for patients receiving neoadjuvant and adjuvant therapies is still relatively small; as a result, our study may be underpowered to detect significant survival differences between these groups. As a result, our survival analysis is limited, and only a multicenter, prospective, randomized collaboration can determine definitively the efficacy of a neoadjuvantintent approach versus an adjuvant-intent approach.
We observed that for older patients undergoing treatment for pancreatic cancer, a chemotherapy-first approach is likely associated with a lesser likelihood for receipt of multimodality therapy. Multimodality therapy seems to be underutilized in patients >65 years of age with pancreatic cancer. Although patient and tumor characteristics are being used to guide treatment decisions, the variability in the administration of multimodality therapy and the increased use over time imply that improvements in the delivery of care can be made. Finally, our data suggest that there are no differences in survival between a neoadjuvant versus adjuvant approach when multimodality therapy is administered. A, Kaplan-Meier 2-year survival curves in patients with locoregional pancreatic adenocarcinoma (n = 10,505) by treatment group: Multimodality therapy, surgery (operative resection) alone, chemotherapy alone, and no treatment. Survival improved with multimodality therapy compared with the other groups (41.0% vs 29.0% vs 12.5% vs 5.1%, respectively; P < .0001). Patients were censored at loss of follow-up and at 2 years. B, Kaplan-Meier estimate of 2-year survival for patients who received multimodality therapy (n = 1,166). There were no differences in survival between a neoadjuvant and adjuvant approach to chemotherapy (46.9% vs 40.6%; P = .16). Patients were censored at loss of follow-up and at 2 years. 
